Rituximab (RTX) is increasingly used for the treatment of refractory nephrotic syndrome due to its inhibitory effect on B cells which extends the period of remission, while lowering the dose of steroids needed for disease management. However, RTX can lead to various side effects, including Crohn's disease. Herein, we describe a case of a 15-year-old boy with refractory nephrotic syndrome diagnosed at age 9 years who developed Crohn's disease following RTX treatment. RTX was initiated in this patient at the age of 13 years 6 months due to occurrence of 12 relapses of nephrotic syndrome over a 4-year period, despite treatment using cyclosporine, steroid pulse therapy, and mycophenolate mofetil. The patient received 4 doses of RTX over a 2-year period (dose, 375 mg/m 2 ). Although the treatment was effective in extending the disease-free duration up to 6 months, at the age of 15 years 9 months, the patient developed abdominal pain, associated with frequent watery stools and rapid weight loss. Based on clinical and endoscopic findings, he was diagnosed with Crohn's disease and treated using infliximab. Remission of Crohn's disease was achieved with this treatment, with no further relapse of nephrotic syndrome. Infliximab is thought to extend the remission period of nephrotic syndrome. In this case, we propose that Crohn's disease was caused by an abnormal immune tolerance, secondary to the use of RTX, although the exact underlying mechanism remains to be clarified. Therefore, inflammatory bowel disease should be considered if severe abdominal symptoms with weight loss following RTX administration are observed.
Introduction
Steroids are the first-line treatment for idiopathic nephrotic syndrome of childhood, with approximately 80% of cases achieving remission [1] . However, 80% of cases eventually relapse [2] , with half of these patients experiencing frequent relapses [3] . Steroid-dependent patients who experience frequent relapses require large total doses of steroids for treatment, which increases their susceptibility to developing adverse drug reactions. In this regard, rituximab (RTX) might be useful in preventing relapsing nephrotic syndrome through its inhibition of B-cell humoral immunity and B-T cell interaction, allowing a reduction in the required steroid dose while extending the duration of remission [4] . However, RTX has numerous reported side effects, including infection. We report the case of 15-year-old boy who developed Crohn's disease, which is thought to be a side effect of RTX, with disease remission obtained by infliximab, and infliximab also extended the duration of remission of nephrotic syndrome.
Case description
The patient was a 15-year-old boy, with an unremarkable family history. The child had developed nephrotic syndrome at the age 9 years, treated using cyclosporine, steroid pulse therapy and mycophenolate mofetil (MMF) for steroiddependent, frequently relapsing, intractable nephrotic syndrome. However, the patient experienced 12 relapses over a period of 4 years. Moreover, by the age 13 years, he had developed obesity (body mass index, 30.4 kg/m 2 ), fatty liver disease, and osteoporosis, secondary to the prolonged steroid treatment. We initiated RTX treatment at the age of 13 years 6 months, at an initial dose of 375 mg/m 2 , with a concomitant decrease in the steroid dose. RTX treatment was effective in extending the duration of remission, with relapse occurring, on average, once every 6 months. Over a 2-year period, the patient received four doses of RTX.
The period of remission with RTX was associated with a reduced CD19 expression. Of note, every 3-4 months, the serum level of CD19 expression increased, with this increase being following by a relapse of the nephrotic syndrome. Based on this time-history of relapse, the parents requested that the fourth dose of RTX be administered despite the absence of an increase in CD19 expression at that time. During RTX treatment, other medications had been reduced, as follows: MMF, 2000 mg/day with a trough value of 1.1 µg/ ml. Steroid administration was discontinued at the age of 13 years 11 months, namely 5 months after the initial RTX dose.
Current clinical presentation
At the age of approximately 15 years 9 months, the patient experienced abdominal pain, localized in the area of the umbilicus. Over the subsequent month, he began passing watery stools, up to four times daily. We considered these symptoms as being possible side effects of MMF and, therefore, the drug was discontinued. The patient subsequently experienced rapid weight loss of 10 kg over a period of 2 months. As the gastrointestinal symptoms were not improving, the patient was admitted to our hospital.
On admission, vital signs were as follows: pulse, 73 bpm; blood pressure, 113/73 mmHg; and temperature, 36.5 °C. Over the previous 2.5 months, his weight had decreased from 69.3 to 56.8 kg, a loss of around 13 kg. He was passing watery stools four times daily. His abdomen was flat, but he reported lower abdominal pain around the umbilicus. Oral aphtha was present. The laboratory data on admission are reported in Table 1 , and were indicative of an inflammatory reaction, with a white blood cell count of 14,100/µl and C-reactive protein level of 8.35 mg/dl. His erythrocyte sedimentation rate was elevated and complement activity was high.
The post-admission course is summarized in Fig. 1a . As infectious enteritis was suspected, antibiotics, including ceftriaxone and cefcapene, were administered. However, test results for infectious enteritis were negative (Table 2) . Therefore, a contrast-enhanced computed tomography scan of the abdomen was performed on post-admission day 6, revealing circumferential thickening of the intestinal wall, from the ileocecal junction to the ascending colon. A total colonoscopy was performed in the Department of Inflammatory Bowel Disease on day 7. The endoscopy revealed multiple punched-out ulcers and cobblestone-like appearance, mainly evident in the ascending colon, with scattered patches of aphtha observable from the transverse colon to the rectum (Fig. 2) . Video capsule endoscopy also revealed numerous erosions in the small intestine (Fig. 3 ). Based on these findings, Crohn's disease was suspected and total parenteral nutrition therapy was initiated. As the cause of the water stools was now known, MMF therapy was restarted.
The oral aphtha was treated using mesalazine mouthwash. On post-admission day 13, the inflammatory reaction, watery stool and oral aphtha had all improved. Pathological examination revealed chronic colitis with ulceration and severe inflammatory cell infiltration, but with no obvious epithelioid granuloma, cytomegalic inclusion bodies or caseous necrosis observed. The patient was diagnosed as having Crohn's disease on the basis of the presence of one major and one minor findings, as per the Japanese diagnostic criteria for Crohn's disease summarized in Table 3 , as well as taking into consideration the denial of infectious enteritis, the improvement in symptoms and inflammatory reaction with fasting, the age of presentation which is typical for Crohn's disease, and the presence of gastrointestinal lesions at typical sites and skip lesions. Infliximab (IFX) treatment was initiated at a dose of 5 mg/kg. After the initial dose, IFX was administered again at 2 and 6 weeks, and subsequently at 8-week intervals. The expression of CD19 from the onset of Crohn's disease symptoms to disease remission is shown in Fig. 1b . Even after oral intake was restarted, there was no recurrence of the symptoms of Crohn's disease or indication of an inflammatory reaction. Following treatment of nephrotic syndrome using RTX and treatment of the secondary Crohn's disease using IFX, the patient has been symptom free of 1 year and 8 months, with no relapse of nephrotic syndrome.
Discussion
Nephrotic syndrome is caused by an abnormal humoral immune response of Th2 or B cells, whereas Crohn's disease is believed to be caused by a Th1 or Th17 immune reaction, or an autoimmune abnormality [6, 7] . Remission of nephrotic syndrome with the use of RTX has previously been reported in cases when RTX was used to treat patients with refractory nephrotic syndrome who presented with concomitant idiopathic thrombocytopenic purpura (ITP) or Epstein-Barr virus-associated post-transplant lymphoproliferative disorder (PTLD) [8] . The suppression of CD20-positive B cells by RTX has been shown to extend the disease-free period of nephrotic syndrome, as well as to reduce the dosage of steroids needed [9] . Therefore, RTX has been increasingly used for the treatment of nephrotic syndrome However, RTX is associated with numerous side effects, including neutropenia, interstitial pneumonia, gammaglobulinemia, infections (such as pneumocystis pneumonia and hepatitis B), and progressive multifocal leukoencephalopathy (PML) [10] , these side effects being caused by immunosuppression associated with B-cell inhibition.
Ardelean et al. [11] reported on the case of a 4-year-old boy with refractory nephrotic syndrome who was treated with RTX and developed ulcerative colitis, with elevated CD3-positive T cells and T-regulatory cells on flow Table 3 The Japanese diagnostic criteria for Crohn's disease [5] ( cytometry. He had developed nephrotic syndrome at the age 2 years, treated using cyclosporine, steroid pulse therapy and tacrolimus for steroid-dependent, frequently relapsing, intractable nephrotic syndrome. However, the patient experienced 4 relapses over a period of a year. He developed significant steroid-related toxicity including bilateral cataracts. Two years after his initial presentation, he was treated with a 4-week course of rituximab at a dose of 375 mg/m 2 per week. His nephrotic syndrome remitted, and tacrolimus was subsequently weaned.
Six weeks after rituximab therapy, he developed crampy abdominal pain, bloody diarrhea with 20 stools per day, weight loss, buccal mucosa ulcers, and intermittent fevers. He did not have supportive features of Behçet disease. An extensive infectious workup was performed and included blood, stool, and urine cultures, serologies, and Clostridium difficile assays. The studies only yielded torovirus in the stool, detected by electron microscopy. Results of repeat testing remained negative.
Colonoscopy revealed severe, grade IV inflammation with deep ulcers affecting the descending colon to the rectum. Histology of the colonic biopsy specimens revealed focal areas of cryptitis and a mixed inflammatory cell infiltrate in the lamina propria composed of lymphocytes, plasma cells, and few eosinophils. He was diagnosed with ulcerative colitis from repeated bloody diarrhea, colonoscopic findings, and histological findings of the colon. Based on their findings, the authors suggested that the ulcerative colitis may have been caused by cellular immune dysregulation due to the loss of B cells and subsequent activation of cytotoxic T cells. Similarly, Crohn's disease is believed to be caused by an abnormal immune tolerance, including mutations of the nucleotide-binding oligomerization domain 2 (NOD2) and abnormal automatic bacteriophage [12, 13] . In our case, we propose that inhibition of B-T cell interaction caused by B-cell depletion resulted in the activation of Th1 and Th17 cells, and consequently Crohn's disease developed due to innate immunity and abnormality of immune tolerance induced.
Of note was the absence of a relapse of nephrotic syndrome after IFX treatment, despite discontinuation of RTX treatment and elevation in CD19 expression. David et al. reported that serum TNF-α levels were elevated in nephrotic syndrome and normalized with remission of the disease. And in his case infliximab controlled the proteinuria of nephrotic syndrome [14] . TNF-α is suggested to cause proteinuria based on a laboratory model. Among them, it is presumed that superoxide produced by TNF-α causes glomerular barrier dysfunction and proteinuria appears [15] . Tabrez et al. reported that TNF-α gene polymorphism may influence susceptibility to idiopathic nephrotic syndrome and might affect steroid response in idiopathic nephrotic syndrome patients [16] . There are reports that nephrotic syndrome was developed as a side reaction of IFX [17] , but the authors think of the onset accompanying amyloid nephropathy that complicates Crohn's disease and rheumatoid arthritis. We plan to gather more cases to investigate the efficacy of RTX as a treatment for refractory nephrotic syndrome. As well, although Crohn's disease developed as a secondary complication of the use of RTX, the fact remains that RTX is an effective treatment for refractory nephrotic syndrome. We are planning to collect more cases to study the mechanism by which B-cell depletion by RTX develops Crohn's disease and the possibility that infliximab may extend the duration of remission of nephrotic syndrome.
Conclusion
The suppression of CD20-positive B cells by RTX has been shown to extend the disease-free period of nephrotic syndrome and the dose of steroid therapy needed. However, the immunosuppression associated with B-cell inhibition can cause various side effects, such as infections. As demonstrated in our case, B-cell inhibition by RTX might also be associated with the development of Crohn's disease in children with nephrotic syndrome. Future studies are needed to clarify the mechanisms by which RTX can lead to Crohn's disease. Currently, we do know that RTX is effective for the treatment of refractory nephrotic syndrome in children, but when abdominal symptoms accompanied by weight loss are observed after administration of RTX, inflammatory bowel disease is suspected and endoscopic examination should be performed when infectious enteritis is denied.
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